The behavior of phosphates of calcium in phosphoric acid solutions has been discussed in former papers from this laboratoryZ. Two crystalline phosphates of calcium have been shown t o exist in equilibrium with solutions containing free phosphoric acid: monocalcium phosphate, which at 25' exists in equilibrium with solutions containing over 3 I 7 grams of phosphoric acid (PzO,) per liter; and dicalcium phosphate, which is stable below this concentration. At very low concentrations (up to about 5 grams phosphoric acid per liter) the stable solid was found to be a solid solution consisting of lime and phosphoric acid.
The behavior of phosphates of calcium in phosphoric acid solutions has been discussed in former papers from this laboratoryZ. Two crystalline phosphates of calcium have been shown t o exist in equilibrium with solutions containing free phosphoric acid: monocalcium phosphate, which at 25' exists in equilibrium with solutions containing over 3 I 7 grams of phosphoric acid (PzO,) per liter; and dicalcium phosphate, which is stable below this concentration. At very low concentrations (up to about 5 grams phosphoric acid per liter) the stable solid was found to be a solid solution consisting of lime and phosphoric acid.
Both these crystalline phosphates of lime suffer decomposition when water is added to the solid, the resulting solution becoming richer in phosphoric acid and the solid poorer in phosphoric acid than the original compounds. The phosphates of magnesium are also decomposed by water, yielding solutions which are more strongly acid than the original solid, and the composition of the various acid solutions which can exist in contact with magnesium phosphates have been determined at 2 5 O . In a similar way the phosphates of iron suffer decomposition when treated with pure water and compositions of various acid solutions in contact with ferric phosphate have been determined at 2 5 O . The composition of the solid in contact with these solutions is shown to be variable, that is, the solids are solid solutions.
Phosphates of Mag.nesium.--Solid dimagnesium phosphate was added in excess to solutions of phosphoric acid in varying concentrations. These mixtures were constantly agitated in a thermostat at 2 5 O , and at the expiration of two months the solutions were analyzed for magnesia and for phosphoric acid. Magnesia was determined by adding ammonium chloride to the solution for analysis and then ammonia was slowly added to the solution until the solution became alkaline; the resulting precipitate was filtered, washed, and weighed as magnesium pyrophosphate.
To determine phosphates ammonium chloride was added to the solution for analysis, then ammonia was added slowly with constant stirring until the solution became alkaline, then magnesia mixture was added in excess until all the phosphoric acid was precipitated as magnesium ammonium phosphate.
The composition of the solutions is given in Table I of magnesia. With the solutions very concentrated with respect to phosphoric acid the content of magnesia phosphate decreased with increasing quantities of phosphoric acid, but with more dilute solutions both magnesia and phosphoric acid increase regularly. The stable solid in contact with the more dilute solutions was dimagnesium phosphate (MgHP0,.3H20) and in concentrated solutions monomagnesium phosphate (MgH,(PO,),,xH,O). The constant solution contains about 700 grams of phosphoric acid (P20,), and about 160 grams magnesia (MgO) per liter. In all but the last three solutions described in the table the solid phase is dimagnesium phosphate and in the last three, described in the table, monomagnesium phosphate. A magnesium phosphate more basic than the diphosphate exists a t 25' only in very dilute solutions of phosphoric acid, and over a range of concentration too narrow t o be determined with precision.
Phosphates of Iron. -The action of water upon the phosphates of iron resembles in a striking manner the action of water upon the phosphates of calcium and magnesium. They undergo the same decomposition whereby the acid is removed at a different rate from the base, resulting in the formation of a more basic precipitate and the formation of a .366
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solution which is acid. Lachowiczl has investigated the decomposition action of water upon ferric phosphates, and it is shown that the continued leaching of a substance corresponding closely to the formula FePO, gave a solution which was acid. Relatively very minute quantities of iron were found in the acid solution. The results of Lachowicz have been confirmed by Cameron and Hurst,' who have shown that the action of water upon ferric phosphate cannot be considered as one.of mere solution only. If it were a simple solution phenomenon the solution resulting from a mixture of phosphate and water would have the same composition regardless of the quantity of the solid residue, and also the ratio of iron to phosphoric acid in the solution would be the same as in the original solid.
In recent experiments in this laboratory solid ferric phosphate, whose composition was not determined, was placed in contact with phosphoric acid solution of varying concentration up t o 5 percent; after four months constant agitation at 25O, the solutions were analyzed for phosphoric acid and for iron and the density having been determined, the percentage of each component could be calculated. The iron in solution was determined as ferrous sulphide by precipitation from the solution which had previously been made alkaline by an excess of ammonia which dissolves the precipitate formed when the solution is just neutral. The iron was weighed as ferric oxide. Phosphoric acid in the filter was determined by precipitation with magnesium mixture. The solid phase was freed as far as possible from the solution and a weighed quantity was dissolved with hydrochloric acid. Aliquot portions were analyzed by the above method for both phosphoric acid and lime. The results of these analyses are given in Table I1 and have been plotted in Fig. 2 Fig. 2 the solid phase is a solid solution, for it is evident that its composition varies continuously. The ratio of ferric oxide to phosphoric acid in the limiting solid solution is very close to that represented by FePO,, and if any one of these solid solutions be subjected t o continued leaching by water, the resulting solid will not be far in composition from FePO,. It is also apparent from the table that phosphoric acid is washed from the solid a t a much more rapid rate than is iron, and continual leaching will cause very little loss of iron but I will reduce the phosphoric acid content of the solid very rapidly until a limiting solid solution results. With concentrations higher in phosphoric acid than those of the above table definite chemical compounds may be formed, as in case of lime and magnesium. The behavior of iron phosphate in these more concentrated solutions will be investigated ,further. 
